INTRODUCTION
Daddawa also known as iru, among the Yorubas in South-west Nigeria, is a popular condiment used as taste and flavour enhancer in soup and dishes in Africa. Daddawa is traditionally produced from locust beans (Parkia biglobossa) seeds. The tree is a leguminous plant found in the Savannah region of Africa, South East Asia and South America (Egwim et. al., 2013) . The tree is a perennial plant with pods ranging from pink, brown to dark brown, when matured. Nutritionally, African locust bean is an outstanding source of plant protein (Elemo et al., 2011). However, locust bean trees are going into extinction from their natural habitat because they are not cultivated. Lima bean (Phaseolus lunatus) is an under-utilized legumes, whose seeds are good source of protein, dietary fibre, potassium, iron, copper, phosphorous, magnesium and thiamin (WHFoods, 2010) . Previous study has shown that Lima bean could be used in production of daddawa (Farinde et al., 2011) . Biochemical method has been the conventional method for identification of isolates in fermentation process to produce daddawa ( . Identification and succession of microorganisms involved in fermentation of Lima bean to produce daddawa using molecular method is yet to be documented. The present study therefore employed molecular method to identify the predominant bacteria during natural fermentation of Lima bean to produce daddawa.
MATERIALS AND METHODS
Matured dried lima bean seeds were purchased at Ita-ogbolu, Ondo State, Nigeria. Calabashes, cooking pots, washing bowls and sample dishes were obtained from a local market in Ibadan, Nigeria. The media used were obtained from Oxoid (UK) and LAB M (UK). Primers and reagents for molecular analyses were obtained from Inqaba Biotechnology, South Africa.
Lima bean fermentation
Lima bean fermentation was carried out according to the method used by Farinde et al. (2014). Lima bean seeds were roasted, dehulled and cooked for 40 min. The cooked beans were drained and poured while still warm into clean calabash lined with clean banana leaves, covered with banana leaves before covering with another calabash. One calabash was prepared for each fermentation stage. The calabashes with their content were placed in an incubator for fermentation to take place at 35 o C ± 2 o C for 72 h. Sampling of the Lima beans under fermentation was carried out at 24 h intervals in triplicates.
Microbial analysis
Total viable count (TVC) was determined using the method described by The diversity and succession of bacteria during the natural fermentation of lima bean (Phaseolus lunatus) to produce daddawa (a fermented condiment) was studied using molecular method (16SrRNA gene analysis) with a view to develop a framework for production of daddawa of consistence quality with starter culture of Bacillus species. Lima bean was fermented for 72 h, during which isolation of bacteria and extraction of DNA were carried out. The extracted DNA of the bacterial isolates was tested for quality using agarose gel electrophoresis. The results of the 16SrRNA gene analysis were matched with the existing similar sequences in data base. Twenty six (26) presumptive isolates of Bacillus obtained at 24 h interval during the natural fermentation process were identified. The result of the ratio of absorbances of the extracted DNA at 260 and 280 nm showed that 73% of the isolates had pure DNA while the result of the gel electrophoresis showed well defined bands of the amplicons for the isolates. The BLAST result identified the isolates as Bacillus amyloliquefaciens, B. subtilis, B. pumilus, B. cereus and B. anthrasis with B. subtilis been the most predominant. Bacillus amyloliquefaciens, B. subtilis and B. pumilus occurred through-out the fermentation process. The study established the identity of the important Bacillus species involved in fermentation of lima bean into daddawa using molecular technique. These major Bacillus species could further be tested and developed as potential starters for improved production of daddawa from lima bean.
ARTICLE INFO

Molecular identification of Bacterial isolate
The isolated bacteria were identified using the method described by Adelekan and Nwadiuto (2012). The experiments were carried out at National Center for Genetic Resources and Biotechnology (NACGRAB) and International Institute of Tropical Agriculture (IITA), both in Ibadan, Nigeria. The method involves DNA extraction, PCR amplification and DNA sequencing.
DNA extraction and quality verification
DNA was extracted using DNA extraction kit. ZR Fungal/Bacterial DNA MiniPrep TM protocol (ZYMO Research) following manufacturer's instructions. Modified method of Adelekan and Nwadiuto (2012) was used. Lysing of bacterial cells to bring out the DNA was done using bashing beads and lysis solution supplied in the DNA extraction kit instead of the method of freezingthawing cycles used by Adelekan and Nwadiuto (2012) . The extracted DNA was verified for purity and quality using quantitative and qualitative methods. Quantitative method was carried out using Nano drop spectrophotometer. DNA sample (1μl) was loaded using micro pipette into the Nano drop spectrophotometer and the absorbances of the samples were read at 260 and 280 nanometer. The concentration of the extracted DNA and the ratio of the absorbance were automatically generated and displayed on the equipment. The concentration must not be less than 10 ng/µl (Leninger, 1975; Biobank, 2004) . The ratio of the absorbance is also important during Polymerase chain reaction (PCR). It must be between 1.8 and 2.2 for optimum DNA concentration of high purity (Leninger, 1975; Brown, 1993; Biobank, 2004) . Qualitative method was carried out using agarose gel electrophoresis. Agarose (1%) was prepared in Trisboric EDTA buffer (TBE) and melted in a microwave and cooled to 50 o C. The molten agarose was stained with Gel Green (20 μl). Gel Green fluoresce under UV light. Stained agarose was poured into gel caster in which comb had been placed at one end. The gel was allowed to solidify. The solid gel was placed in electrophoresis tank containing TBE buffer and the comb was gently removed. DNA (1 μl) was mixed with loading dye (7 μl) and loaded into wells created by the comb. The electrophoresis was allowed to run at 130 volts for about 1hour 30 min during which DNA molecules migrated through the agarose gel in the buffer.
Photographing the gel
The gel was removed from the electrophoresis tank and placed under U.V light in a documentation unit and viewed using a protective eye glasses. A Polaroid camera was placed over the documentation box and the gel was photographed. Sharp bands indicated quality DNA.
Amplification of DNA by polymerase chain reaction
Specific region of 16SrRNA gene of isolated DNA was amplified by reacting the cell solution (template DNA) (1µl) with polymerase chain reaction (PCR) master mix (8 µl), primers (1 µl) and nuclease free water (6 µl ) and running the reaction cycles in a PCR thermocycler machine (Lexus Gradient -Eppendorff AG). The primers used in this study were universal primers, synthesized commercially by Inqaba Biotechnology, South Africa. The pair of primer consists of forward primer F 27 having nucleotide sequence AGAGTTTGATC(A/C)TGGCTCAG and reverse primer R 1492 having nucleotide sequence TACGG(C/T)TACCTTGTTACGACTT. Control tube (PCR reaction mixture minus template DNA) was also set along with the reaction tubes All PCR products were verified using 1% agarose gel electrophoresis as previously described. The samples were loaded along with Themo-scientific Gene ruler/ ladder (1 kbp).
DNA sequencing and Identification of isolates
Big Dye Terminator Cycle sequencing kit protocol was used for sequencing the amplicons and the gel was run on 3130 X 1.16 capillaries genetic analyzer from Applied Biosystems. The resultant sequences were submitted to Data base (Genbank, Germany) of National center for biotechnology Information (NCBI), the sequences were given accession numbers. The sequences were then matched with existing data in Data base using the Basic local alignment search tool (BLAST) algorithm. BLAST allows alignment of search sequence to thousands of different sequences in the data base (Altschul et al., 1997) . Species which had less than 90 % sequence identity with known representative sequence in data base were classified as unknown species and sequences with more than 90 % sequence identity were classified as known species.
RESULTS AND DISCUSSION
Microbial Counts during Natural Fermentation of Lima Bean to Produce Daddawa
The result of the Total viable count of microorganisms during natural fermentation of Lima bean to produce daddawa is shown in Figure 1 .Total viable count increased from 4.65 log cfu g -1 at 0 h to 7.15 log cfu g -1 at 24 h, reached its peak (logarithmic phase) at 48 h of fermentation (8.08 log cfu g -1 ) after which the count dropped to 7.40 log cfu g -1 at 72 h of fermentation. Similar trend of an initial increase in total viable bacteria count between 0 and 48 h of fermentation and subsequent drop in the count at 72 h of fermentation during production of daddawa have been reported ( . The drop in TVC after 48 h was probably due to depletion of nutrients and accumulation of metabolites. Among the likely metabolites of protein hydrolysis are short peptides and ammoniacal compounds which gave the product its desired flavor. These metabolites were likely more than the metabolites produced from hydrolysis of fat and carbohydrates present in the lima beans. The possible effect of these metabolites is the alkaline pH values which the microorganisms might possibly be able to tolerate up to 48 h of fermentation, after which some of the microorganisms may find the increased alkaline environment unfavorable for their growth and proliferation and so the total number of microorganisms declined.
Preliminary identification of bacterial isolates
Bacteria isolated from natural fermentation of lima bean to produce daddawa are shown in Table 1 . The isolates were Gram positive, rods, catalase positive and spore formers. These characteristics allowed preliminary identification of Bacillus (Harrigan and MacCance, 1976; Harrigan, 1998). Bacterial isolates 3, 9, 19 and 23 had rhizoid shape, isolates 7,13,16,18 and 20 had circular shape while the rest of the bacterial isolates (1, 2, 4, 5, 6, 8, 10, 11, 12, 14, 15, 17, 21, 22,24, 25 and 26) had irregular shape on agar plate. Similar preliminary phenotypic identification of bacterial isolates from iru, afitirin and sonru as belonging to genus Bacillus was reported by Azokpota et al. (2007) . This preliminary identification which showed the bacterial isolates as Bacillus was used to search for the appropriate primers for the molecular identification of bacteria isolates. 
Sequencing and BLAST result
Forward primer 27F and reverse primer 1492R were used to amplify the 16SrRNA gene of each of the bacterial isolates which resulted in well defined amplicons. When the amplicons were sequenced, the base sequences ranged from 911 in isolate number 8 to 1199 base sequence in isolate number 9 (Table 2) . When the sequences were matched with already existing similar sequences in Gene Bank Data base, all the isolates have their identity between 94 and 98% as shown in Table 2 . Spore forming Bacillus species were identified as the major bacteria present during the fermentation process. Four isolates (isolates 12, 13, 15 and 24) did not match any identity. The identified isolates fell into 5 species of Bacillus (Table 3) .These include Bacillus amyloliquefaciens, Bacillus subtilis, Bacillus pumilus, Bacillus cereus and Bacillus anthracis. From the BLAST result, Bacillus subtilis was identified as the most predominant species during the fermentation of lima bean to produce daddawa (Table 3) reported that 16 % of isolates from iru and sonru (daddawa-like) could not be identified with molecular method. Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus pumilus were found to occur throughout the fermentation period ( There were no fungi isolated in the Lima bean fermentation process. This might be as a result of heat process prior to fermentation and probably an uncondusive environment for their growth and multiplication. Absence of fungi in the fermented Lima beans makes the product safe for consumption in terms of mycotoxin production (Abiose et al., 1986).
CONCLUSION
The study concluded that molecular method could be used to identify the important microorganisms in fermentation of lima bean to produce daddawa. The method revealed that Bacillus subtilis, B. pumilus and B.amyloliquefaciens were majorly involved in the fermentation process with B. subtilis been predominant and that these three species of Bacillus could be tested and purified for use as potential starter for producing quality lima bean daddawa.
